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(54) Two-step cleaning method for semiconductor devices. 

@ A method of producing a semiconductor device which comprises : a first cleaning step of cleaning 
the surface of Si of a semiconductor device having an Si base or an Si thin film as a substrate (1) by 
using an APM solution ; a second cleaning step of cleaning the surface of Si by using a dilute HF 
solution to thereby remove the uppermost surface layer (3) of a naturally oxidized film (2) formed in the 
first cleaning step ; and a step of forming a silicon oxide film by thermally oxidizing the cleaned surface 
of the naturally oxidized film (2). 
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1. Field of the Invention 



tor device. 

The dilute hydrofluoric acid solution which is gen- 
erally called "dilute fluoric acid solution" is an aqueous 
solution of hydrogen fluoride HF and hereinafter 
abbreviated as "dilute HF solution". The ammonia-pe- 
roxide mixture solution is a mixture solution of 
aqueous ammonia NH 4 OH (or ammonia NH 3 ) and 
hydrogen peroxide H 2 0 2 and hereinafter abbreviated 
as "APM (ammonia peroxide mixture) solution". 

In the aforementioned conventional cleaning pro- 
cess, it is known that the surface condition of Si after 
cleaning is characterized (decided) by a solution used 
for final cleaning. That is, in the case where the dilute 
HF solution is used for final cleaning, a naturally 
oxidized film and a surface contamination layer 
characterized by HF cleaning are formed. In the case 
where the APM solution is used for final cleaning, a 
naturally oxidized film and a surface contamination 
layer characterized by APM cleaning are formed. In 
the case of APM cleaning, a perfectly clean Si surface 
cannot be formed so that not only a naturally oxidized 
film having a tickness of about 1 0A or less remains but 
a surface having some characteristic exists therein. 

In the conventional Si surface cleaning step in the 
method of producing a semiconductor device, not only 
naturally oxidized films respectively peculiar to slow 
etching solutions, such as an APM solution and a 
dilute HF solution, used as cleaning solutions are for- 
med but surface contamination layers respectively 
depending on the naturally oxidized films exist. There- 
fore, the following problem is pointed out 

Though the formation of naturally oxidized film 
may be unavoidable, the final cleaning with the HF 
solution has a disadvantage in that the Si surface is 
hydrophobic and has the property that particles are 
easily deposited thereon, from the point of view of the 
microscopic surface form thereof. On the other hand, 
the cleaning with the APM solution has an advantage 



in that the Si surface is hydrophilic and has the prop- 
erty that particles are not easily deposited thereon, 
but the cleaning with the APM solution has a disad- 
vantage in that the Si surface is contaminated with 
metals such as Fe and A? . In particular, the presence 
of such metal contamination is a conclusive barrier to 
the case where a gate oxide film is formed on the Si 
surface. 

That is, such gate oxide film used in MOSFETs 
and MOS capacitors for memories has been thinned 
year by year. In particular, in the case of MOS capaci- 
tors, the thinning of the gate oxide film is unavoidable 
for the purpose of increasing the capacity per unit 
area. The present situation is that the thickness of the 
oxidized film of about 100 A is required. Because the 
aforementioned surface contamination easily induces 
failure in the insulating property of the oxidized film, a 
faultless thin oxidized film being free from surface 
contamination with metals is now required and 
demanded. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to solve the 
25 above problems. 

It is another object of the present invention to pro- 
vide a method of producing a semiconductor device 
comprising the cleaning steps in which control can be 
made so that (a) the Si surface is free or depositing 
30 of particles, (b) the Si surface is free from surface con- 
tamination, and (c) the Si surface is kept hydrophilic. 

In order to attain the above objects, the method 
of producing a semiconductor device according to the 
present invention comprises a first cleaning step of 
35 cleaning an Si surface of a semiconductor device hav- 
ing an Si base or an Si thin film as a substrate with an 
APM solution, a second cleaning step of cleaning the 
Si surface with a dilute HF of solution, and an Si oxide 
film forming step of forming an Si oxide film by ther- 
40 mally xidizing the cleaned surface. In this case, the 
dilute HF solution may contain H 2 0 2 . In the second 
cleaning step, it is preferable that a thickness of from 
20% to 80% is removed from the surface of the natur- 
ally oxidized film formed on the Si surface by the first 
45 cleaning step. 

In the present invention, the step of cleaning with 
the APM solution, the step of cleaning with the dilute 
HF solution and the step of thermal oxidation are suc- 
cessively carried out That is, basically, a naturally 
so oxidized film free from contamination is made to 
remain as an Si base surface protecting film for form- 
ing a thermally oxidized film, by applying the dilute HF 
solution to the naturally oxidized film produced by the 
cleaning with the APM solution to remove the surface 
55 contamination region of the naturally oxidized film. A 
good-quality thin Si oxide film can be produced by 
forming a thermally oxidized film under the protecting 
film. 



The present invention relates to a method of pro- 
ducing a semiconductor device and, particularly, 
relates to a method of producing a semiconductor 5 
device mainly comprising a process which can be 
suitably adapted to the method of forming thin gate 
insulating film provided in MOSFETs (MOS field-ef- 
fect transistors), TFTs (thin-film transistors), etc. 

10 

2. Description of the Prior Art 

Heretofore. MOSFETs. TFTs. etc. are known as 
semiconductor devices consiiiuled with siiicon 
(hereinafter abbreviated as "Si") bases or Si thin films is 
as substrates. For example, a dilute hydrofluoric acid 
solution or an ammonia-peroxide mixture solution is 
used for wet cleaning of the surface of Si before the 
formation of gate insulating film (Si oxide film: Si0 2 
film), in the process of producing such a semiconduc- 20 
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Describing more in detail, a clean naturally 
oxidized film of the order of several A is made to 
remain by: removing particles by cleaning with the 
APM solution to form an about 10A- thick naturally 
oxidized film on the Si surface; an then removing 
about 3A from the surface layer as the metal contami- 
nation region of the naturally oxidized film, by cleaning 
with the dilute HF solution. Accordingly, the Si surface 
still exhibits hydrophilic property after the cleaning 
with the dilute HF solution, so that the depositing of 
particles can be avoided. Accordingly, the cleaning of 
the Si surface being free from the depositing of parti- 
cles and free from contamination and having 
hydrophilic property can be made. That is. the method 
of producing a semiconductor device according to the 
present invention is characterized in that the contami- 
nation uppermost surface layer is simply removed 
with the dilute HF solution, on the basis of the finding 
that the surface contamination caused by the cleaning 
with the APM solution exists only in the uppermost 
surface region (about 3A) of the naturally oxidized 
film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view for explaining the first 
cleaning step in a method of producing a semi- 
conductor device according to the present inven- 
tion; 

Fig. 2 is a sectional view for explaining the second 
cleaning step following the step depicted in Fig. 
1; 

Fig. 3 is a sectional view for explaining the ther- 
mally oxidizing step following the step depicted in 
Fig. 2; 

Fig. 4 is a graph showing the relationship be- 
tween the thickness of a naturally oxidized film 
formed by the pre-cleaning according to the pre- 
sent invention and the lifetime thereof; 
Fig. 5 is a graph showing the relationship be- 
tween the naturally oxidized film according to the 
present invention and the fixed charge in the 
oxidized film; 

Fig. is a graph showing the relationship between 
the concentration of Fe in the oxidized film 
according to the present invention and the fixed 
charge in the oxidized film; and 
Fig. 7 is a graph showing the relationship be- 
tween the thermally oxidized film according to the 
present invention and the fixed charge in the 
oxidized film. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

A method of producing a semiconductor device 
according to the present invention will be described 
hereunder with reference to an embodiment thereof. 
Figs. 1 to 3 are sectional views showing the process 



of producing (the step of cleaning) a semiconductor 
device. 

In Fig. 1 , a subbing layer 2 and an uppermost sur- 
face layer 3 of a naturally oxidized film with a thick- 
5 ness t, of about 10A in total are formed on a surface 
of an Si base 1 after the Si base 1 is treated with an 
APM solution (NH<OH: H 2 0 2 : H 2 0 = 1 : 1 : 6, 60°C) for 
3 minutes, in an LSI forming process. Then, in Fig. 2. 
the uppermost surface layer 3 of the naturally oxidized 
10 film is removed by application of etching with a dilute 
HF solution (HF: H 2 0 = 1 : 200. 23.5°C) for 5 seconds. 
As will be described later, the uppermost surface layer 
3 is contaminated with metals such as Af and Fe, but 
the subbing layer (t 2 = 6A) of the naturally oxidized film 
is is formed as a clean naturally oxidized film . 

Then, a thermally oxidized film 4 and an upper- 
most surface layer 5 of the thermally oxidized film with 
a thickness t 3 of about 100A in total as shown in Fig. 
3 are formed by thermally oxidizing the Si base 1 in 
20 the condition of Fig. 2. 

As will be described later, the thickness of the 
uppermost surface layer 5 of the thermally oxidized 
film t* is about 3A but the area of the uppermost sur- 
face layer 5 is so influenced by the naturally oxidized 
25 film formed by the pre-cleaning that At and negative 
charge caused by Af exist in the area. The uppermost 
surface layer 5 having such charge is removed by 
application of the dilute HF solution (HF: H 2 0 = 1 : 
200) for 10 seconds. As a result, a clean thermally 
30 oxidized film being free from both contamination and 
charge existing in the naturally oxidized film 3 pecul- 
iarly formed by the pre-cleaning as shown in Fig. 1 can 
be formed. The thenmaliy oxidized film is particularly 
useful as gate insulating thin film used in MOSFETs 
35 and TFTs. 

— If the dilute HF solution used for the final cleaning 
is replaced by an aqueous solution consisting of 1 : 1 : 
2-00 mixture of HF, H 2 0 2 and H 2 0. the uppermost sur- 
face layer 5 of the thermally oxidized film and the ther- 
40 mally oxidized film 4 can be etched so more softly that 
an arbitrary thickness (for example, in a range of from 
20% to 80%) of the thermally oxidized film can be 
removed from the surface thereof to control the thick- 
ness thereof. 

45 In the following, the results of various exami- 

nations on the degree of cleanliness are described. 

Fig. 4 is a graph showing the relationship be- 
tween the thickness of the naturally oxidized film for- 
med by the precleaning and the lifetime of a carrier of 

50 an Si wafer. An Si wafer having a naturally oxidized 
film with a tickness of 10A is prepared by treating a 
(100N-type Si base with an APM solution (NH«OH : 
H 2 0 2 : H 2 0 = 1:1:6, 60°C) for 3 minutes. After the 
cleaning with the APM solution, the Si wafer is treated 

55 with a dilute HF solution (HF : H 2 = 1 : 200) to remove 
the surface of the naturally oxidized film. The graph in 
Fig. 4 shows the results of measurement of the 
lifetime of a carrier of the Si wafer by utilizing u-wave 
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reflection after treating the Si wafer having the 
remaining naturally oxidized film in a tickness range 
of 4A to 8A with dry 0 2 (1000°C. 60 minutes). In the 
graph, the ordinate represents the lifetime {u sec) and 
the lower abscissa represents the thickness of the 
naturally oxidized film remaining at the surface of the 
wafer after the cleaning with the APM solution or dilute 
HF solution. Further, the upper abscissa represents 
the thickness of oxidized film removed with the HF sol- 
ution. 

As is obvious from Fig. 4, the lifetime after the 
cleaning with the APM solution is short (about 100 u 
sec) because it is considered that contamination with 
metals forming a deep level is caused by the cleaning. 
On the other hand, in the case where about 32A of the 
naturally oxidized film is removed with the dilute HF 
solution, the lifetime exceeds 400u sec which is equal 
to the lifetime is the case where the naturally oxidized 
film is perfectly removed with the dilute HF solution. 
Also in the case where about 2A is removed, the 
lifetime is recovered to about 400 u sec. Accordingly, 
with respect to the naturally oxidized film after the 
cleaning with the APM solution, it is considered that 
contamination exists locally in the about 3A-thick area 
of the uppermost surface layer in the naturally 
oxidized film. Therefore, such contamination can be 
avoided by removing about 20% from the surface 
naturally oxidized film. 

Fig. 5 is a graph showing the relationship be- 
tween the thickness of the naturally oxidized film for- 
med by the precleaning and the fixed charge (Qox) in 
the oxidized film. In the graph, the pre-cleaning con- 
dition and the abscissa are similar to those in Fig. 4 
and the ordinate represents the fixed charge (Qox) in 
the oxidized film measured by an SPV method (sur- 
face photo voltage method) after an Si water cleaned 
with an APM solution or a dilute HF solution is treated 
with dry 0 2 (900°C, 15 minutes) in the same manner 
as described above. 

With respect to the charge Qox, the pre-cleaning 
has an effect on about 5A of the uppermost surface 
layer in the thermally oxidized film. Though the cause 
of the charge is unknown, negative charge is pro- 
duced when AP exists in the uppermost surface of the 
thermally oxidized film. It is considered that the nega- 
tive charge depends on the presence of AfSiO, OH 
group and O group in the naturally oxidized film. It is 
therefore supposed that the negative charge is used 
as a standard for judgement as to whether particles 
can be easily deposited on the Si surface. As is obvi- 
ous from Fig. 5, a large amount of negative. charge 
exists in the wafer cleaned with the APM solution and 
the negative charge decreases substantially pro- 
portionally to the removed amount of the naturally 
oxidized film gradually cleaned with the dilute HF sol- 
ution. That is, impurities such as Af causing the nega- 
tive charge exist substantially uniformly in the 
direction of the depth of the naturally oxidized film 
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cleaned with the APM solution. 

The fact that particles related to the charge are 
not easily deposited on the cleaned Si surface means 
the fact that there is little change if about 32A of the 
uppermost surface layer is removed from the naturally 
oxidized film. It is considered that the Si surface exhi- 
bits hydrophilic property because Si-O-Si group or Si- 
O-H group exists in the remaining naturally oxidized 
film. It is supposed that 20% or more of the naturally 
oxidized film formed by the cleaning with the APM sol- 
ution must be secured in order to keep the Si base 
hydrophilic. 

As related to this, the result of examination of the 
relationship between the existing amount of Fe and 
the charge Qox wfll be described in the case where Fe 
is considered as impurities causing the negative 
charge. Fig. 6 is a graph showing the relationship be- 
tween the concentration of Fe and the fixed charge 
Qox in the oxidized film. In the graph, the abscissa 
represents the concentration of Fe and the ordinate 
represents the fixed charge. 

As is obvious from Fig. 6, the negative charge in 
the naturally oxidized film on the surface of the Si 
base increases as the existing (contamination) 
amount of Fe on the surface of the Si base increases. 
That is. it is considered that Fe exhibits the negative 
charge when Fe is enclosed in the naturally oxidized 
film. Even if the contamination amount of Fe is not 
more than lO^cm - 2 , the negative charge changes. It 
is apparent from this that Fe atoms of the order of 1 0 10 
cm - 2 in that naturally oxidized film on the surface of 
the Si base can be detected by measurement using 
the surface photo voltage (SPV). It is found that the 
fixed charge Qox has a good correlation with the 
amount of impurities (matter) exhibiting the negative 
charge. Though Fe is similarly enclosed in the ther- 
mally oxidized film, Fe in the thermally oxidized film 
does not cause the negative charge. 

Fig. 7 is a graph showing the relationship be- 
tween the thickness of the thermally oxidized film and 
the fixed charge Qox. The fixed charge Qox is 
evaluated by the SPV method, with respect to an Si 
wafer prepared by cleaning a (100)N-type Si base 
with an APM solution (NH 4 0H : H 2 0 2 : H 2 0 = 1 : 1 : 6, 
60°C) for 3 minutes and then forming thermally 
oxidized film with a thickness of 75A (by treatment 
with dry 0 2 at 900°C for 1 5 minutes). Then, the fixed 
charge Qox for each sample prepared by gradually 
removing the thermally oxidized film through treat- 
ment with a dilute HF solution (HF: H 2 0 = 1 : 200) is 
evaluated. In Fig. 7, the lower abscissa represents the 
thickness of the thermally oxidized film remaining 
after thermal oxidation or HF etching, and the upper 
abscissa represents the thickness of the oxidized film 
removed with the dilute HF solution. The ordinate rep- 
resents the fixed charge Qox of the thermally oxidized 
film in each sample. 

As is obvious from Fig. 7. the negative charge 
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exists in the region of the surface layer (about 5A) in 
the thermally oxidized film. The charge of the upper- 
most surface layer in the thermally oxidized film 
depends on the cleaning ( pre-cleaning ) before oxi- 
dation. In the case of cleaning with the APM solution, 
negative charge as shown in Fig. 7 is exhibited. 
Though not shown, in the case of cleaning with an HF 
solution or a hydrochloric acid-peroxide mixture solu- 
tion, positive charge is exhibited. Because the charge, 
in any case, exists in the uppermost surface layer in 
the thermally oxidized film, it is considered that the 
naturally oxidized film produced by the cleaning bef- 
ore oxidation remains in the uppermost surface layer 
in the thermally oxidized film after themal oxidation 
and causes the fixed charge Qox. In the case of clean- 
ing with the APM solution, it is found that A? exists in 
the uppermost surface of the thermally oxidized film 
and causes the negative charge. 

Although the aforementioned embodiment has 
shown the case where oxidized film is formed on an 
Si base, it is a matter of course that the same process 
can be applied to the cleaning process in the case 
where oxidized film is formed on an Si thin film. 

As described bove, in the method of producing a 
semiconductor device according to the present inven- 
tion, a thin oxidized film is formed by the steps of: 
removing particles by cleaning with an ammonia-pe- 
roxide mixture solution; removing about 20% or more 
of the contamination layer (surface) of a naturally 
oxidized film formed by the cleaning with the ammo- 
nia-peroxide mixture solution, to keep a clean natur- 
ally oxidized film (SiO*) (in the amount of at least 20% 
of the subbing layer of the naturally oxidized film) by 
cleaning with a dilute HF solution; and applying ther- 
mal oxidation. Further, the naturally oxidized film com- 
ponent (SiOJ existing in the uppermost surface of the 
thermally oxidized film is removed with a dilute HF sol- 
ution. Accordingly, a reliable Si0 2 film which is free 
from both depositing of particles and contamination 
and is clean against contamination of the naturally 
oxidized film with impurities can be produced by the 
present invention. Accordingly, the invention has an 
effect that a producing process for attaining high 
reliability can be established in the case where the 
process is adapted to LSIs constituted by MOSFETs, 
TFTs, etc. 



a step of forming a silicon oxide film by 
thermally oxidizing the cleaned surface of the sili- 
con after said first and second cleaning steps. 

5 2. A method of producing a semiconductor device 
according to claim 1, characterised in that the 
dilute hydrofluoric acid solution contains hydro- 
gen peroxide. 

10 3. A method of producing a semiconductor device 
according to Ctaim 1 or Claim 2, characterised in 
that during said second cleaning step, a thickness 
in the range of from lA to 8A is removed, by etch- 
ing, from the surface layer of a naturally oxidized 

75 film formed on the surface of the silicon in said 

first cleaning step so that the surface of silicon is 
maintained hydrophilic. 
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Claims 

50 

1. A method of producing a semiconductor device 
having a silicon base or a silicon thin film as a sub- 
strate, characterised in that it comprises a first 
cleaning step of cleaning the surface of the silicon 
using an ammonia-peroxide mixture solution; 55 

a second cleaning step of cleaning the sur- 
face of the silicon using a dilute hydrofluoric acid 
solution after said first cleaning step; and 
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